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Materials Science and Engineering and Center for Advanced 
Materials and Nanotechnology, Lehigh University
Seeded Lateral Epitaxy Rates for Alumina Thin Films: 
Sapphire (α-Al2O3) thin films are used as optical and 
scratch-resistant coatings, as well as in 
microelectronics. Typical sapphire substrate 
fabrication requires the material be in the molten 
state at temperatures above 2000°C. This study 
examines the crystallization of amorphous atomic 
layer deposited (ALD) alumina thin films at low 
temperatures (950-1050°C) by seeded lateral solid 
phase epitaxy.
Introduction
Hannah Maret, Helen M. Chan, Nicholas C. Strandwitz
ALD uses self-limiting chemical reactions to grow 
thin films at a rate of approximately 1 Å/cycle. For 
this work, ~90 nm (1000 cycles) of amorphous 
alumina was deposited on 1-500 nm thermally 
grown SiO2 on a silicon wafer substrate. 
● ALD alumina grown using TMA/water (T = 150°C)
● Sapphire (Sumitomo) nanoparticles in isopropanol dropcast 
on alumina surface
● Samples annealed at 900-1050°C
● Samples analyzed using scanning electron microscopy (SEM) 
and electron backscatter diffraction (EBSD)
Experimental
Conclusions
● Growth rate increased with annealing 
temperature
● The [0001] direction was quantified as the slow 
growth direction
● Growth rate decreased with increasing substrate 
thickness (specifically of the SiO2 layer) potentially 
due to a reaction at the SiO2/Al2O3 interface or 
due to changing stress state in the Al2O3 film
Influence of Substrate and Stress State
Decoration of the film with sapphire nanoparticle 
seeds before annealing provides nucleation sites for 
crystal growth. The growth rate of these grains was 
anisotropic, as shown by the correlation between 
crystal domain shape and orientation. We explore 
the dependence of growth rate on temperature and 
crystal direction, as well as substrate thickness and 
stress state. 
Results and Discussion
SEM micrographs were used to measure growth rates 
of α-Al2O3 crystals as a function of temperature. EBSD 
data was used to identify the crystalline phase.
Aspect ratio increased with 
misalignment of c-axis, and the 
crystal short axis correlated 
with the [0001] direction. The 
[0001] direction was quantified 
as the slow growth direction.
Growth rate increased  with annealing temperature.
SEM images of crystals grown at different temperatures. Top row scale: 2.5 μm. Bottom row scale: 2 μm.
Crystallized for 12 hr at 1050°C. Scale bar: 1 μm.
A: SEM image
B: HCP unit cell orientation
C: EBSD map
As thickness of the SiO2 
layer increased, growth 
rate decreased.
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Growth Rate as a Function of Temperature
Growth Rate as a Function of SiO2 Thickness
Next Step: Increase the Sample Size
1.45 nm SiO2
97.3 nm SiO2
158 nm SiO2
262 nm SiO2
495 nm SiO2
In
cr
ea
si
ng
 S
iO
2 t
hi
ck
ne
ss
, d
ec
re
as
in
g 
cr
ys
ta
l g
ro
w
th
SEM images of crystals grown with different SiO2 
thicknesses at 1050°C, 12 hr. All scale bars: 5 μm.
The large standard deviation observed for this data 
set can be attributed to the fact that growth rates 
were not calculated according to a specific 
orientation and the relatively small sample set. 
In order to improve the accuracy of the data set, 
ImageJ will be used to automate growth rate 
measurements for micrographs collected at lower 
magnification according to the following process.
Substrate
ImageJ Analysis:
Two brightness thresholds were set to  identify 
separately the nanoparticle seeds (A) and the 
crystallized regions (B) for automated analysis. Each 
individual domain was indexed and those that 
nucleated from nanoparticle clumps, as opposed to 
individual seeds, excluded:
Stress State
Stress evolution in the alumina thin film during 
sample processing may impact the crystallization 
rate. This can be evaluated by measurement of the 
sample curvature using optical profilometry during 
processing steps.
Step 1
Measure initial Si curvature 
Optical profilometry 
was used to measure 
the surface 
characteristics of the 
bare Si substrate. 
Curvature 
maxima/minima were 
measured as follows:
● r1 = -69.55 m
● r2 = 182.1 m
Step 2
Grow thermal SiO2
(t = 1-500 nm) 
Next Steps: Measure Curvature After Each Process
Step 4
Thermal treatment
Anneal 1050°C, 12 hr
Step 3
Deposit ALD Al2O3
(t = 90 nm) 
Etch back surface
BA
Film stress is related 
to curvature by the 
Stoney formula: 
Growth Rate as a Function of Crystal Direction
Crystallographic orientation of domains was 
correlated to their shape. 
Hypotheses include:
● Interfacial reaction 
between the Al2O3 
film and SiO2
● Changing stress 
state in the Al2O3
The following data 
examines crystal growth 
rate at 1050°C, 12 hr as a 
function of the thickness 
of the underlying SiO2 
layer. By ~500 nm, 
domain growth reached 
a minimum, approaching 
the size of the 
nanoparticle seeds.
ᶜ = curvature
hf = film thickness
ᶟs = Poisson’s ratio
1
2
σf = film stress
Es = substrate modulus
hs = substrate thickness
